Abstract Purpose To develop an inventory of biomedical physics elements-ofcompetence for diagnostic radiography education in Europe. Method Research articles in the English literature and UK documentation pertinent to radiography education, competences and role development were subjected to a rigorous analysis of content from a functional and competence analysis perspective. Translations of radiography curricula from across Europe and relevant EU legislation were likewise analysed to ensure a pan-European perspective. Broad Subject Specific Competences for diagnostic radiography that included major biomedical physics components were singled out. These competences were in turn carefully deconstructed into specific elements-of-competence and those elements falling within the biomedical physics learning domain inventorised. A pilot version of the inventory was evaluated by participants during a meeting of the Higher Education Network for Radiography in Europe (HENRE), held in Marsascala, Malta, in November 2004. The inventory was further refined taking into consideration suggestions by HENRE members and scientific, professional and educational developments. Findings The evaluation of the pilot inventory was very positive and indicated that the overall structure of the inventory was sensible, easily understood and acceptable e hence a good foundation for further development. Conclusions Use of the inventory by radiography programme leaders and biomedical physics educators would guarantee that all necessary physics elements-of-competence underpinning the safe, effective and economical use of imaging devices are included within radiography curricula. It will also ensure the relevancy of physics content within radiography education. The inventory is * Corresponding author. Tel.: C356 99486920.
Introduction
Radiography is arguably one of the most device intensive of the health professions, yet surprisingly the role of the biomedical physics educator in schools of diagnostic imaging has historically not been well defined. The consequences have perhaps too often been learning objectives that are far removed from the everyday practicalities in the exercise of the profession and a low level of motivation on the part of the students. Meanwhile, the array, variety and complexity of imaging (and ancillary) devices have been increasing rapidly with the swift advances in healthcare technology. On the other hand, as imaging device physics education has not kept pace so have underutilization of imaging devices and the number of instances of improper use. This paper describes the development of an inventory of physics elementsof-competence designed specifically to provide guidance in the construction of the biomedical physics component of radiography curricula. It is based on a model of the biomedical physics educator role as a bridging and facilitating role spanning the divide between the physics knowledge base that underpins the effective, safe and economical use of medical devices and the practice oriented curricula of the health professions.
Literature search
A reasonably well developed body of literature exists on general aspects of curriculum development in radiography. 1e8 There is, however, a quasitotal absence of articles regarding the biomedical imaging physics component. A search of the main health and education research databases in the English language using the search-word 'physics' resulted in very few relevant references. Some references were found concerning the teaching of physics to radiology residents. These mostly originate from the US and reveal a concern regarding the principles that should guide the selection of physics content within radiology curricula. 9e12 The College of Radiographers (UK) has included sections on 'physical sciences' and 'technology' in its curriculum framework for radiography, 1 however, given the of necessity broad nature of the document further specification is required to produce outcome statements that are directly usable in the educational environment. The European Federation of Medical Physics (EFOMP) has published in association with the European Association of Radiology (EAR) an imaging physics syllabus for radiology, 13 whilst the American Association of Physicists in Medicine has published a guide for teaching physics to radiologists.
14 Neither document is outcome or competence based and both are therefore not really consonant with modern curriculum design principles.
15e17 Surprisingly neither organisation has published an equivalent document for radiographers notwithstanding the fact that the role of the radiographer invites a higher level of interaction with devices than that of the radiologist. Most schools of radiography publish a locally developed physics syllabus under such diverse names as 'radiation physics', 'principles of radiation science', 'imaging equipment', 'imaging science and instrumentation', 'radiation protection' and others, 6 but there is little published evidence of a systematic and studied approach. A document published by the European Commission offers direction, however, competences are restricted to ionising radiation protection only. 18 To the best of our knowledge, our study is therefore the first systematic and comprehensive study of the biomedical physics component of radiography curricula.
The Bologna process and HENRE
Meanwhile the Bologna process in Europe (which aims to establish a European Higher Education Area) is encouraging institutions involved in higher education to take a critical look at their curricula and ensure that the latter are more in agreement with the present and future learning needs of the professions. 19 The Tuning Educational Structures in Europe initiative is promoting the active use of outcomes-driven curriculum development in which programme end-points are expressed in terms of the Generic Competences (Tuning terminology for cross-professional competences) and Subject Specific Competences (Tuning terminology for profession-specific competences) that students should acquire by the time they finish their studies. 20 Such exit competences should be based on agreement with and in consultation with the various stakeholders. The Higher Education Network for Radiography in Europe (HENRE) has set as one of its main priorities the establishment of such an inventory of competences. 21 Once an agreed list of competences has been established, it is then up to experts in the various disciplines within faculties of health science to translate these into specific elements-of-competence that would contribute in an integrated and interlaced way to programme and module outcomes. This paper seeks to establish the specific biomedical physics elements-of-competence that would support radiography Subject Specific Competences.
Methodology
The curriculum framework for radiography of the College of Radiographers (UK), 1 the Health Professions Council (UK) Standards of Proficiency: Radiographers, 22 the Quality Assurance Agency e Higher Education (UK) Radiography Benchmark Statement, 4 the Skills-for-Health (UK) National Occupational Standards for Clinical Imaging (UK), 23 the Knowledge and Skills Framework (NHS e UK), 24 and other documents and research journal articles, 2,3,5e8,25e30 pertinent to radiography education, competences and role development were subjected to a rigorous analysis of content from a functional and competence analysis perspective. Curriculum documents were collected from HENRE members and others (see the list of contributors in the Acknowledgements section at the end of the paper) or trawled from the Internet, translated, and likewise scrutinised to ensure a Europe wide perspective. EU legislation having a direct impact on medical imaging devices or the role of the radiographer was also analysed.
31e33 Broad Subject Specific Competences for Radiography that included major biomedical physics components were singled out. These broad competences were in turn deconstructed carefully into specific constituent elements-of-competence and those elements falling within the biomedical physics learning domain identified. A structured elements-of-competence inventory was designed with the aim of producing a practical curriculum development tool for radiography programme leaders and biomedical physics educators in Europe. A pilot version of the inventory was subjected to an initial questionnaire-based evaluation during an international HENRE meeting (Marsascala, Malta, November 2004) to ensure that the overall framework was sensible, easily understood, acceptable and hence a suitable framework for further development. The inventory was then further developed and refined to take into consideration the suggestions of HENRE members and new scientific, professional and educational developments.
Results
The documentary analysis indicated that the aim of physics teaching within radiography education is to ensure that learners acquire the necessary physics elements-of-competence underpinning the following broad radiography Subject Specific Competences:
1. Understand the key concepts of the physical sciences that underpin medical imaging and be able to utilise them in their practice and research. 2. Be able to use medical imaging and any ancillary devices effectively, safely and economically within their specific scope-of-practice. 3. Be able to practice in accordance with legislation governing the use of radiation for medical imaging purposes. 4. Be able to audit, monitor and review the effectiveness, safety and economic aspects of practice and modify it accordingly. 5. Be able to carry out health technology assessments and develop new clinical applications for imaging devices.
In this context 'effectively' refers to the use of medical imaging devices for the production of images which include those target image quality outcomes (expressed in terms of 'image quality criteria') necessitated by the specific diagnostic or monitoring needs of particular client groups. 34 The term 'safely' refers to the avoidance of unnecessary risk to clients and the total elimination or reduction to acceptable levels of risks to users, colleagues and others from physical health hazards when the device is in use. 'Physical health hazards' refers to ionising radiation, mechanical, electrical, acoustic, ultrasonic, magnetic, electromagnetic and elevated body temperature risks. Target safety outcomes are expressed in terms of 'safety criteria' (known as 'dose criteria' in the case of ionising radiation 34 ). Examples of 'ancillary devices' are contrast media injectors, immobilization devices, dosemeters, ergonometers and radionuclide generators. It should be noted that software that is required for the functioning and effective use of a medical device (for example image reconstruction and processing software) is itself considered as a medical device and therefore a device ancillary to imaging devices. 33 'Audit, monitor and review' includes quality control of devices and adherence to safety standards (for example diagnostic reference levels and occupational dose limits in the case of ionising radiation). Curriculum development and delivery regarding these general competences necessitates a close collaborative effort between experts in the disciplines of biomedical physics, human biology (anatomy, physiology and pathology), imaging protocol design and clinical imaging practice. This paper targets the biomedical physics aspects.
Analysis of European radiography curricula
The analysis of the First Cycle curricula (Tuning terminology referring to the Bachelor level) and other documents, 35, 36 indicated three main approaches in terms of programme end-points. The first group of curricula are based on a wide scopeof-practice for projection radiography coupled with a restricted scope-of-practice in CT. Other imaging modalities are taught at a level where students learn to appreciate the diagnostic and monitoring capabilities of the medical imaging device, an awareness of risks to patient, self, colleagues and others from use of the device and the competences necessary for use of the device on test-objects and anthropomorphic phantoms. The curricula in the second group are based on a wide scope-of-practice for projection radiography followed by a form of specialization in a chosen imaging modality. A third group tends to favour an approach where all the commonly used imaging modalities are introduced early and there is an attempt at parallel development of student competence in all modalities. All three approaches can be accommodated in the inventory model promoted in this paper. In some countries radiographers are specifically expected to develop competence in the use of devices considered ancillary to imaging for example electrophysiology devices (France and Poland) and lithotripsers. Many Second Cycle curricula (Tuning terminology for Masters level) are modality specific (ultrasound, MRI or radionuclide imaging). Third Cycle (Ph.D.) programmes are research oriented and those that are device based may involve health technology assessment or the development of new clinical applications for the device. 37 Evaluation of the pilot version of the inventory Table 1 shows questions and responses in the evaluation of the pilot version of the inventory that we presented at the HENRE conference in Marsascala, Malta in November 2004. The questionnaire was designed for effective (in terms of evaluation objectives) yet rapid response owing to pressures on respondents' time. Questions were purposely dichotomous (yes/no alternatives) and rating scales were avoided. However, suggestions for improvements to the inventory were encouraged. Although members were not present from all EU countries, respondents covered the various regions of Europe (members from 14 countries responded, with an average of two respondents per country). The evaluation was very positive and indicated that the overall structure of the inventory was sensible, easily understood and acceptable and hence a good basis for further development. This claim was further supported by reports of the conference in the literature. 38 Suggestions offered by participants were taken into consideration in the final version of the inventory.
The inventory
The final version of the inventory is attached as Appendix A to this paper. The first column of the table lists the statements of the elements-ofcompetence. The second column contains explanatory notes. These explanatory notes were added following a suggestion during the evaluation of the pilot inventory. The order of the elementsof-competence is meant to guide sequencing during curriculum delivery. The structure of the inventory and choice of the included elements-ofcompetence were guided by the following principles:
1. The inventory will be a pragmatic tool to guide curriculum development across the whole range of diagnostic radiography education. 2. Owing to the increasing pressures on the curriculum, only those biomedical physics elements-of-competence specifically required by the clinical and research contexts will be included. 11 3. Owing to the need of employability of First Cycle graduates, elements-of-competence necessary for effective and safe performance in the clinical context will be included at lower levels. 39 4. The design will acknowledge that the role of the radiographer today encompasses the use of all common imaging modalities, 26e30 but that the level of competence for particular modalities within particular cycles varies from one country to the other and indeed from one university to another. 35, 36 5. The competences will be formulated in a way to promote a consistent use of terminology across the modalities. This will guarantee an integrated approach to medical imaging and a more rapid acquisition of equivalent competences in other modalities (cross-modality transferability of competences). 6. The competences will be couched in precise, scientific and up-to-date terminology. 7. The inventory will be formulated to allow for future role and scientific developments. 40 In particular as the number of medical imaging devices is changing rapidly the inventory will be devised in a way such that it would be applicable to future modalities. It has been reported that changes in imaging device technology would have the highest impact on the role of the radiographer. 8 8. The inventory will not be over-prescriptive to prevent educator and student disempowerment with respect to curriculum content (Grundy S. 41 cited in Rees CE. 42 ), allow for diversity and permit the development of native solutions to local curricular targets.
19,20
The above guiding principles point to the need for a multi-level inventory consisting of crossmodality elements-of-competence statements. Our inventory therefore was stratified into five levels, L1eL5, where L5 represents the highest level of educational and professional attainment. A higher level assumes acquisition of competences at lower levels. The original pilot inventory was based on three levels only, however, participants in the HENRE conference expressed desire for a higher number of levels and that these would span the whole range of radiography education. The cross-modality (or perhaps one should say modality-independent) nature of the competences is aimed at circumventing the perennial curriculum development problems of future coverage (trying to predict what modalities students may need to learn about in the future) and early obsolescence (as conventional imaging modalities are replaced by newer ones). 8, 40, 43 Such a framework would also permit and promote flexible curriculum development, yet be robust and structured enough to guide teaching in a systematic manner. It will also guarantee usability throughout the European area and within all Tuning cycles. The overwhelming majority of respondents answered 'yes' to this question.
Are there any elements-of-competence included in the inventory, which you think should be deleted from the inventory? If yes please specify and explain.
The overwhelming majority of respondents answered 'no' to this question.
Are there any elements-of-competence included in the inventory which you think should be moved from one level to another? If yes please specify and explain.
Several suggestions were made by the respondents. These were included in the final form of the inventory.
Do you feel that the inventory is flexible enough to be usable in your country? If not please explain.
The overwhelming majority of respondents answered 'yes' to this question. Do you feel that the inventory is flexible enough to allow for future developments in the education of radiographers? If not please explain.
The overwhelming majority of respondents answered 'yes' to this question.
Please indicate any elements-of-competence that you feel are not sufficiently clear. Suggestions are welcome.
Suggestions made by the respondents were included in the final form of the inventory.
Do you think there would be problems in translating the inventory into your national language? If yes please explain.
Level descriptions
The operational descriptions of the levels are shown in 3 and the Knowledge and Skills Framework of the National Health Service (UK), 24 most of which have been extensively cited in the literature. These frameworks offer complimentary perspectives on competence and it was considered beneficial to mesh their better aspects into a single set of level descriptors. The benefits of integrating such stratification paradigms in the case of radiography and professional education in general have been discussed in the literature. 48 This process ensures a level structure that would be acceptable to educationalists, professional bodies and employers alike. The levels were formulated to make them directly applicable to the medical imaging context as discipline-specific level descriptors have been found to be more suitable at the operational level, particularly in health professional education where students are learning a wide range of disciplines. 42 
Use of the inventory in curriculum development
The inventory can be used in diverse ways to guide curriculum development. The third column of the table in Appendix A illustrates how the inventory can be applied to help educators design content for the physics component of modules in a given imaging modality. We have illustrated this use of the inventory by applying it in the planning of a syllabus for the physics component of learning modules in CT.
49e56 However, one can in a similar manner design a syllabus for any other present or future imaging modality. Table 3 demonstrates the use of the inventory in specifying physics outcome competences for a First Cycle programme for Europe. Second Cycle (Masters) modality-based programmes would include competences up to the L4 level in the specific modality. Modality-based Ph.D. programmes would include the competences up to the L5 level for that particular modality. The inventory can also be used as a checklist to evaluate the biomedical physics component of radiography programmes, the development of Table 2 Operational descriptions of the competence levels used in structuring the inventory
Level
Level description
L1
Competences necessary and sufficient for an appreciation of the diagnostic and monitoring capabilities of a medical imaging device, an awareness of risks to patient, self, colleagues and others from use of the device and for the effective and safe utilization of the device with test-objects or in simulated studies using anthropomorphic phantoms in a skills-lab context. Cognitive processes are mainly at knowledge retrieval and comprehension levels.
L2
Competences necessary and sufficient for supervised effective and safe use of a medical imaging device with patients, under written protocol, scope-of-practice restricted to studies that are basic, routine and predictable. Cognitive processes are mainly at knowledge retrieval and comprehension levels.
L3
Competences necessary and sufficient for minimally supervised effective and safe use of a medical imaging device with patients, under written protocol, scope widened to include studies that are complex or somewhat non-predictable. Supervised research using the device at a basic level. Cognitive processes are mainly at the analytic and knowledge-utilization levels.
L4
Competences necessary and sufficient for a fully autonomous effective, safe and economic use of a medical imaging device at the forefront of professional practice, comprehensive scope-of-practice in a wide variety of clinical contexts including studies that are complex and unusual, contingency preparedness, device management, allocation of resources, development of existing protocols and audits of practice, all totally guided by a best-evidence and ethical approach. Basic technology assessment and implementation of research studies in relation to new clinical applications of the device. Cognitive processes are mainly at the metacognitive and self-system thinking levels.
L5
Competences necessary and sufficient for a complete utilization of the scientific knowledge base underpinning the effective, safe and economical use of a medical imaging device in the clinical and research contexts including clinical service development, comprehensive technology assessment and the conceptualization, design and implementation of new device applications and user protocols. Cognitive processes are mainly at the metacognitive and self-system thinking levels.
programme competence catalogues and curriculum mapping, irrespective of whether the curriculum is discipline-based or integrated, presentation-based or problem-based.
Conclusions
The deconstruction of general Subject Specific Competences into elements-of-competence and the construction of discipline-based inventories are essential in the systematic development and delivery of competence-based curricula. One of the most important uses of such inventories is that of a checklist to ensure that all essential elements-ofcompetence of broad general competences are included within the curriculum (whether discipline-based or integrated, presentation-based or problem-based) and that all are assessed. With regard to the latter, further work is required with respect to student performance criteria that would be tagged to the elements-of-competence and to find effective ways of integrating the physics assessment within comprehensive radiography assessments. 57e59 This would convert the inventory into a competence acquisition assessment tool for purposes of student assessment and programme evaluation. It is suggested that the methodology used in the evolution of the inventory be applied to the development of inventories of elements-of-competence for other learning domains within radiography and other health professional curricula. The word 'target' emphasises that the eventual choice of device and protocol should be determined by image quality criteria determined prior to the actual exposure.
Examples of image quality criteria for CT are visualisation, reproduction and visually sharp reproduction of anatomical structures/details of interest. 50 List and explain the target safety outcomes (in terms of safety criteria in relation to patient, user, colleagues and others) anticipated when using the device with respect to physical health hazards.
'Physical health hazards' include ionising radiation, mechanical, electrical, acoustic, ultrasonic, magnetic, electromagnetic hazards and elevated body temperatures.
Target safety criteria with respect to the patient include: doses at or below diagnostic reference levels, no damage to eyes from localisation lasers, avoidance of electric hazards. Target safety criteria with respect to the user are: near-zero occupational dose, avoidance of electric shock hazards. List and operationally define suitable imaging device performance indicators appropriate for users of the device and their relation to target image quality or safety criteria.
An imaging device performance indicator is a measurable objective quantity that presents an indication of the extent to which a device is performing as it should, when compared to agreed standards. Performance indicators are defined in a way that they are associated with one or more image quality or safety criteria. Include basics of instrument science concepts: accuracy, noise, measurement uncertainty, precision, SNR, stability, need for calibration, instrument structure in terms of sensor signal-processor and output-device, qualitative harmonic Fourier signal analysis, filters, line-spread-function and modulation-transfer-function, digitisation of signals, bit-depth etc. However, concepts should be restricted to those relevant to imaging.
Examples of performance indicators for CT associated with image quality criteria are: spatial resolution in the scan plane (in terms of line pairs, LSF and MTF), spatial resolution in the direction of the axis of rotation (expressed as nominal slice thickness in the case of sequential CT, linepairs, LSF and MTF in the case of multislice-spiral), pixel noise (expressed as the standard deviation of pixel CT values in a water phantom image), contrast resolution, CT-value uncertainty, homogeneity (also known as uniformity) and absence of artefacts and distortion. 49 Performance indicators associated with patient dose criteria are: weighted CTDI and dose-lengthproduct. 50e51 Examples of relationships between performance indicators and image quality or safety criteria: spatial resolution and sharpness, noise and reproduction of small detail, dose-lengthproduct and patient effective dose.
Include only details necessary for the clinical situation.
Avoid unnecessary details such as generations of CT scanners, reconstruction algorithms. For spiral explain briefly meaning of zinterpolation. A list of scan parameters for sequential CT can be found here. 49 For spiral-multislice CT include also pitch and replace scan increment by reconstruction increment. Include the advantages of retrospective choice of image position, scan increment and slice thickness in spiral. 49 Explain device design variables which impact device performance indicators (and hence image quality or safety criteria) at a level appropriate for users.
Consider each performance indicator in turn and list the device design variables that impact the particular performance indicator. Concentrate on those variables that can be controlled by the radiographer.
Examples: the main device design variables which impact spatial resolution in the scan plane are focal spot size, focus to detector distance and minimum focus to isocentre distance, maximum reconstruction matrix size and minimum reconstruction field-of-view size (relationship to patient voxel size, zoom facility), number of projections per rotation, availability of high-pass image filters, detector spacing. 49 Explain limitations and artefacts of the device and their impact on performance indicators at a level appropriate for users.
Artefacts are defined as systematic inaccuracies between values measured by the device and the actual values in the imaged object.
Examples of limitations of CT: subjects of non-circular cross-section, motion artefacts owing to finite speed of rotation etc. 49 Explain the physical principles underpinning the use of protective barriers, accessories and apparel.
Derivations of equations are not required.
List and explain the protocol design variables (including appropriate device settings, use of protective barriers, accessories and apparel) which impact performance indicators (and hence image quality or safety criteria) at a level appropriate for users.
From a device perspective protocols are designed to ensure that device performance indicators are not impacted negatively, to reduce the effects of the limitations of the device and eliminate or reduce risk to all concerned. It is important to realise that attempts to improve one performance indicator may lead to degradation of another and/or an increase in risk.
Example: the main protocol design variables which impact spatial resolution in the scan plane are focus to isocentre distance, application of high pass image filters, reconstruction matrix size, reconstruction field-ofview size, use of zoom, application of bolus around patient to improve shape of cross-section. Attempts to increase scan plane spatial resolution by reducing the reconstruction field of view or increasing the reconstruction matrix size will lead to an increase in pixel noise and lowering of contrast resolution which may necessitate an increase in mA and hence DLP. 49, 51 Similarly, use of high-frequency filters for increasing spatial resolution (sharpening filters) will increase visibility of pixel noise. 49 (continued on next page) This should be done with the help of a user manual so that students become familiar with reading manuals.
For a list of scan parameters consult this reference. 49 More scan parameters than given in the list may be available for particular scanners (for example gantry tilt angle, partial scan). Discuss qualitatively riskbenefit issues.
CT is a high dose technique. Special care in justification and optimisation is necessary particularly for women of child-bearing age and children. 51 Compare at a basic level the device with devices used in other modalities in terms of effectiveness and safety.
Emphasise the complementary nature of imaging modalities and the fact that each modality provides a unique window into the body.
Discuss in particular the complementary nature of CT and MRI.
Level 2
Demonstrates performance of L1 competences at a level that would ensure understanding of and strict adherence to protocols.
Including any calculations necessary to adjust the protocol to particular client groups.
For example adjustments of mA in paediatrics.
Lists and explains the physical basis of any contraindications in the use of the device.
There are no absolute contraindications for CT, however, great care is required in justification when it comes to pregnant patients and children. Where possible alternative non-ionising modalities should be used. 51 Demonstrates knowledge of EU and national legislation, recommendations and regulations regarding the use of the device.
In particular though not exclusively those regarding ionising radiation.
Good references on radiation protection and dosimetry considerations in CT can be found in ICRP documents. 51 Demonstrates understanding of the physical principles underpinning the effective and safe use of any ancillary medical devices.
Imaging software is considered as a device ancillary to imaging devices. 33 Which devices are considered as ancillary is determined locally.
For example contrast media injectors, ionization chambers for CTDI measurement, ECG for gated studies.
Demonstrates safe disposal of non-reusable ancillary medical devices.
For example contaminated vials and syringes in radionuclide imaging.
For example disposal of non-reusable contrast media injector syringes.
Demonstrates awareness that an imaging device should be checked before use (daily quality control), cared for during use and left in a condition for subsequent use by self or others.
Quality control is the systematic 'constancy testing' of performance indicators and associated device parameters.
Good references for quality control of CT can be found in the literature. 49, 52, 53 Describes the impact on performance indicators arising from device malfunction, inappropriate protocol and device misuse including any artefacts arising from these within their scope-of-practice and local procedures for reporting such malfunctions.
Good discussions on artefacts in CT can be found in the literature. 49 There are also many good sites on the web.
Demonstrates ability to measure or calculate recommended indicators of risk and compare to established diagnostic reference levels.
Methods for measurement of CTDI and calculation of DLP can be found in various documents.
49,51
Level 3
Demonstrates performance of L1 and L2 competences at a level that would require minimum supervision when using the medical imaging device with patients, scope-of-practice widened to include studies that are complex or somewhat nonpredictable.
Which studies are considered 'complex' and 'somewhat nonpredictable' will be determined locally. The necessary extensions in the elements-of-competence for such cases are derived by competence analysis.
Which studies are considered 'complex' and 'somewhat nonpredictable' for CT will be determined locally. The necessary extensions in the elements-of-competence for such cases are derived by competence analysis.
Explain the physical mechanism of tissue contrast enhancement by contrast media.
Not applicable to radionuclide imaging.
CT contrast media are mainly iodine based. Explain increased attenuation coefficient of such media.
Demonstrates skill in basic routine preventive maintenance and more advanced quality control appropriate for users.
Weekly and monthly QC.
Good references for quality control of CT can be found here. 49, 52, 53 Demonstrates understanding of and ability to follow written contingency procedures.
Explain the set of contingency procedures used in the actual practice setting. Evaluate and critically compare with others from literature.
Explain the set of contingency procedures for CT used in the actual practice setting. Evaluate and critically compare with others from literature.
Level 4
Demonstrates L1eL3 competences at a level expected of a user at the forefront of professional practice. Ability to formulate procurement plans for the device in terms of performance indicators and associated specifications required by the clinical needs.
Evaluation and comparison of performance indicators and associated parameters from different manufacturers.
Evaluation reports of CT scanners can be purchased or downloaded freely from the Internet. 54 (continued on next page)
Good references for quality control of CT can be found in the literature. 49, 52, 53 Ability to identify and correct causes of below target image quality and safety criteria. Demonstrates the physics knowledge utilization and the scientific attitude necessary for full effective, safe and economical use of the device in the coordination and implementation of clinical and research programmes.
The emphasis here is on a complete scientific attitude to devices. How can one get the most out of this device yet still keep risk to acceptable levels?
Level 5
Demonstrates understanding of the underpinning physical (including the supporting mathematical) knowledge necessary to envisage new clinical and research applications for the device and be able to liase fully with biomedical physics -engineering professionals in the development of these applications.
Basics of the mathematics of image reconstruction and processing, quality control etc with emphasis on those aspects required for the particular research project.
Research papers which include underpinning physics should be critically analysed.
Basics of mathematics of image reconstruction and processing in CT (image reconstruction from projections, Radon transformation, convolution integral, image transforms, image filters etc).
Ability to recognize ethical and economic issues regarding the device in research and service development initiatives.
For example quantitative risk-benefit analysis, equitable use of resources, the importance of making full use of the capabilities of a device, EU risk classes for medical devices. 33 CT is a high dose procedure. Guidance on exposures in biomedical research can be found here. 55 Owing to the high doses CT is in the higher risk classes defined by the Medical Devices Directive. 33, 55 
